T with a 16S rRNA gene sequence identity of 97.6 and 97.2 %, respectively. The DNA-DNA hybridization values (<28.5 %) confirmed that A24_SHP_À5_238
T represents a novel species within the genus Aridibacter. Based on its morphological, physiological and molecular characteristics, we propose the novel species Aridibacter nitratireducens sp. nov. (type strain A24_SHP_À5_238 T = DSM 102177 T = CECT 9235 T ).
The abundant and wide-spread phylum Acidobacteria is divided into 26 subdivisions. Since isolates are missing for most of the subdivisions, their classification is so far based on 16S rRNA gene sequence comparisons [1] . More isolates are required in order to establish a proper taxonomy of the Acidobacteria, to determine the phenotypic diversity of the different 16S rRNA gene sequence types and to elucidate their potential role in the environment. Systematic cultivation trials demonstrated that members of the phylum Acidobacteria can be grown in improved laboratory media [2, 3] . Subsequent isolation efforts have resulted in the description so far of 51 species with validly published names, which belong to subdivisions 1, 3, 4, 6, 8, 10 and 23. The majority of these isolates are affiliated with subdivisions 1 and 4, and mainly originate from soils. The 12 different species which were so far described for subdivision 4 Acidobacteria recently led to the recognition of the two families Blastocatellaceae [4] and Pyrinomonadaceae [5] . The family Blastocatellaceae includes Blastocatella fastidiosa [6] , two species of the genus Aridibacter [7] and three species of the genus Stenotrophobacter [4] , as well as Tellurimicrobium multivorans [4] . The family Pyrinomonadaceae so far encompasses Pyrinomonas methylaliphatogenes [8] , two species of the genus Brevitalea [5] and Arenimicrobium luteum [5] . Most members of the families Blastocatellaceae and Pyrinomonadaceae are adapted to nutrient limitation and drought and show a broad tolerance range towards pH and temperature [4] [5] [6] [7] . Some representatives are capable of degrading complex carbon compounds [5, 7] . In addition to the 11 species of the families Blastocatellaceae and Pyrinomonadaceae listed above, the first and so far only known photoheterotrophic acidobacterium, Chloracidobacterium thermophilum [9] , falls into the order Blastocatellales [4] . In the present study, we isolated and characterized a novel species of the genus Aridibacter which expresses previously unknown phenotypic properties and hence provides additional insights into the systematics and diversity of subgroup 4 Acidobacteria (class Blastocatellia [4] ; Carl Roth) as described previously [6] . After 6 weeks of incubation at 20 C, Acidobacteria-positive colonies were identified by group-specific PCR using the two primers Acido31f [10] and 1492 r [11] . Strain A24_SHP_À5_238
T was isolated by subsequent streaking on SSE/yeast dextrose (HD) 1 : 10 plates (pH 7.0; [7] ). SSE/HD 1 : 10 was used for the following physiological tests and for biomass production unless noted otherwise.
Colonies of strain A24_SHP_À5_238
T were orange to salmon-coloured, shiny, convex, had a smooth surface and entire margins and a diameter of 0.1-2 mm on agar plates. In liquid media, the cells formed aggregates which could be disrupted by intense shaking. Cell morphology of strain A24_SHP_À5_238
T was determined by light microscopy (Zeiss Axio Lab.A1, Carl Zeiss; equipped with an AxioCam MRm camera). For electron microscopy, cells were treated as previously described [12] . The cells were rod shaped, displayed a mean size of 0.4Â1.5 µm and divided by binary fission (Fig. 1) . Consistent with all other characterized members fo the phylum Acidobacteria, the cells of strain A24_SHP_À5_238
T stained Gram-negative [13] . India ink and malachite green staining [14] demonstrated the absence of capsule and spore formation of strain A24_SHP_À5_238 T , which is in line with the previously described species of the genus Aridibacter [7] .
The almost full-length 16S rRNA gene of strain A24_SHP_À5_238
T was amplified and sequenced as described previously [4] . The program package ARB [15] was employed to add the sequence to the small subunit ribosomal RNA non-redundant reference database SILVA version 128 (www.arb-silva.de; [16] ). After automated alignment with the Fast aligner tool implemented in ARB, the alignment was refined manually based on secondary structure information. Phylogenetic trees were calculated using neighbourjoining, maximum-parsimony and maximum-likelihood algorithms (termini filter; 1358 valid columns between position 60 and 1407 of the Escherichia coli 16S rRNA reference gene; 1000 bootstrap resamplings). All three methods placed the novel strain A24_SHP_À5_238
T in the neighbourhood of Aridibacter famidurans A22_HD_4H
T and Aridibacter kavangonensis Ac_23_E3 T [7] within the family Blastocatellaceae (Fig. 2 ). Strain A24_SHP_À5_238
T had a 16S rRNA gene sequence identity of 97.6 and 97.2 % to the type strains of the described species of the genus Aridibacter, A22_HD_4H
T and Ac_23_E3 T , respectively. The next most closely related species (~93-95 % nucleotide similarity) were Tellurimicrobium multivorans Ac_18_E7
T [4] and the species of the genus Stenotrophobacter ( [4] ; Fig. 2 ).
To further clarify the systematic position of strain A24_SHP_À5_238
T , DNA-DNA hybridizations were performed for strain A24_SHP_À5_238
T and the established species of the genus Aridibacter. Cells of strain A24_SHP_À5_238
T were disrupted in a Constant Systems TS 0.75 KW (IUL Instruments), and the DNA was purified from the crude lysate by chromatography on hydroxyapatite [17] . The hybridization was conducted with the established protocol for DNA-DNA hybridization [18] modified according to Huss et al. [19] . A Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltierthermostatted 6Â6 multicell changer and a temperature controller with in situ temperature probe (Varian) was employed. Duplicate measurements yielded hybridization values of 28.5 and 27.6 % for strain A24_SHP_À5_238 T and Aridibacter famidurans A22_HD_4H
T and values of 8.7 and 15.6 % for strain A24_SHP_À5_238
T and Aridibacter kavangonensis Ac_23_E3 T , respectively. These values are far below the limit for species definition of 70 % [20] . Consequently, strain A24_SHP_À5_238
T represents a novel species.
For DNA G+C content determination, the genome sequence of strain A24_SHP_À5_238
T was determined (data not shown). The DNA G+C content of strain A24_SHP_À5_238 T was 53.5 mol% and thus slightly exceeded the DNA G+C conntent of previously described species of the genus Aridibacter (52.6-53.2 mol%; Table 1 ; [7] ). Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v) from dried biomass [21] and analysed via HPLC [22] . The major quinone detected was MK-8 which matches the quinone composition of Aridibacter spp. (Table 1 ; [7] ).
For fatty acid analysis, strain A24_SHP_À5_238
T was grown in liquid SSE/HD 1 : 10 medium [6] for 8 days at 28 C. Fatty acids were extracted from 40 mg wet weight of cells according to the standard protocol [23] of the Microbial Identification System (MIDI; version 6.1). The composition of the fatty acids was identified by comparison with the TSBA40 naming table. Strain A24_SHP_À5_238
T possessed straight-chain, methyl and/or hydroxyl-branched unsaturated, and monosaturated fatty acids. The major fatty acids of strain A24_SHP_À5_238
T were summed feature 1 (C 13 : 0 3-OH/ iso-C 15 : 1 H, 23.5 %), iso-C 15 : 0 (21.6 %), summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c, 17.9 %) and anteiso-C 17 : 0 (9.1 %). In addition, the strain contained C 16 : 0 (5.6 %) and anteiso-C 15 : 0 (5.3 %). The relatively high amounts of summed feature 1, summed feature 3, iso-C 15 : 0 and anteiso-C 17 : 0 are a common feature of strain A24_SHP_À5_238
T and the described species of the genus Aridibacter [7] . The fatty acid profiles of the three species of the genus Aridibacter varied with respect to the percentage of single compounds and the presence of minor fatty acids (Table S1 , available in the online Supplementary Material). Only the presence of the additional fatty acid anteiso-C 15 : 0 distinguished strain A24_SHP_À5_238 T from the other two species of the genus Aridibacter (Table 1 ; [7] ).
The two-dimensional TLC method (modified after Bligh and Dyer [24] and Tindall et al. [25] ) was applied to analyse the polar lipid composition of strain A24_SHP_À5_238
T . Strain A24_SHP_À5_238
T and the established species of the genus Aridibacter [7] contained phosphatidylcholine, phosphatidylglycerol, diphosphatidylglycerol and phosphatidylethanolamine (Fig. S1 ).
Like the other species of the genus Aridibacter, catalase activity was tested as positive and cytochrome c oxidase activity as negative by established protocols [13, 26] and the Bactident Oxidase test assay (Merck).
Temperature and pH ranges and optima for growth were determined in liquid SSE/HD 1 : 10 medium under oxic conditions. Growth rates were determined by following the optical density at 660 nm in three parallels for each temperature (range, 4 and 47 C) and pH (range, 1.0 and 11.0) value. Depending on the respective pH values, MES, HEPES, HEPPS or N-cyclohexyl-2-aminoethanesulfonic acid (CHES) (SigmaAldrich or Applichem; 100 mM each) were used as buffers. Optimum growth was defined as !75 % of the highest growth rate achieved. Growth of strain A24_SHP_À5_238
T was observed between 8 and 45 C (optimum, 33-40 C) and between pH 6.0 and 9.0 (optimum, pH 7.0-8.5). Strain A24_SHP_À5_238
T showed a broad tolerance range for temperature commensurate with its origin from a tropical Ghanaian soil. The temperature range was similar to that of the other T [7] Strains: 1, A24_SHP_À5_238 T ; 2, Aridibacter famidurans A22_HD_4H T ; 3, Aridibacter kavangonensis Ac_23_E3 T . All strains has rod-shaped cells that formed no spores or capsules, contained MK-8 as the major quinone, were catalase positive and cytochrome c oxidase negative. The strains divided by binary fission and were non motile. All strains utilized casamino acids, casein hydrolysate, peptone and yeast extract. The activity of alkaline phosphatase, acid phosphatase, leucine arylaminidase, valine arylaminidase, trypsin, N-acetyl-b-glucosaminidase and the hydrolysis of aesculin was detected in all strains, while esterase lipase C8 showed weakly positive activity patterns in all strains. +, Positive; À, negative; (+), weakly positive growth detected. Major fatty acids (%) 
described species of the genus Aridibacter, which were isolated from subtropical Namibian savannah soils. The optimum growth temperature of strain A24_SHP_À5_238 T and Aridibacter kavangonensis Ac_23_E3
T exceeded that of Aridibacter famidurans A22_HD_4H
T by about 10 C ( Table 1 ). The pH range of growth of strain A24_SHP_À5_238
T was narrower than that of the described species of the genus Aridibacter (Table 1) .
Three parallels of liquid oxic HD 1 : 10 medium (pH 7.0; DSMZ medium 1124; https://www.dsmz.de/microorganisms/ medium/pdf/DSMZ_Medium1124.pdf) were supplemented with differing NaCl concentrations of 0 up to 10 % (w/v) to determine the salt tolerance. Like the two established species of the genus Aridibacter, strain A24_SHP_À5_238
T grew best at NaCl concentrations of 0.25-0.50 % (w/v; Table 1 ). Strain A24_SHP_À5_238
T tolerated NaCl concentrations of up to 5 % (w/v), which exceeds the maximum NaCl tolerance of the established species of the genus Aridibacter by a factor of 5. This increased NaCl tolerance constitutes an important differential characteristic of the novel species of the genus Aridibacter.
The range of growth substrates utilized by strain A24_SHP_À5_238
T was tested in four parallels in liquid oxic SSE medium, omitting peptone, glucose and yeast extract. The growth substrates tested comprised sugars, organic acids, keto acids, alcohols, amino acids (0.5 to 10 mM each) and complex (proteinaceous) compounds [0.001 to 0.05 % (w/v) each].
Strain A24_SHP_À5_238
T grew preferably on complex proteinaceous substrates such as casamino acids, peptone or yeast extract, similar to the previously described species of the genus Aridibacter [7] . However, strain A24_SHP_À5_238 T showed weak growth on several amino acids, and a few sugars and organic acids, which did not support the growth of Aridibacter famidurans A22_HD_4H T or Aridibacter kavangonensis Ac_23_E3 T (Table 1) . Thus, the three species of the genus Aridibacter exhibited differences in the spectrum of substrates used for growth.
Solidified media supplemented with 0.005 % yeast extract and the respective polymer (i.e. starch, pectin, chitin, xylan, cellulose or lignin) at a final concentration of 0.5 g l À1 were employed, and the appropriate staining solutions were used as described previously [4] to determine the polymer degradation potential of strain A24_SHP_À5_238
T . None of the polymer media previously yielded clearing or decolorization zones. Only Aridibacter kavangonensis Ac_23_E3 T showed the ability to degrade the polymer cellulose and grew on chitin and starch ( Table 1 ).
The API ZYM and API 20 NE test systems (Biom erieux) were employed to characterize the exoenzyme profile and the ability of strain A24_SHP_À5_238
T to reduce nitrate, produce indole, ferment glucose and hydrolyse aesculin, gelatine and arginine. The exoenzyme activity profile of strain A24_SHP_À5_238
T resembled those of the Aridibacter spp. A22_HD_4H
T and Ac_23_E3 T except for the lack of b-glucosidase and lipase C14 activity and the presence of esterase C4 activity in strain A24_SHP_À5_238
T (Tables 1 and S2 ). In addition, strain A24_SHP_À5_238
T showed the ability to reduce nitrate to nitrite, which clearly distinguished the strain from the two established species of the genus Aridibacter [7] . The ability of nitrate reduction was confirmed by incubation in liquid anoxic SSE/HD 1 : 10 medium to which the different alternative electron acceptors nitrate, nitrite, fumarate, ironpyrophosphate and sulfate were added. Under anoxic conditions, strain A24_SHP_À5_238
T was only able to grow in the presence of nitrate as an alternative electron acceptor.
In summary, strain A24_SHP_À5_238
T is a facultatively anaerobic, chemo-organoheterotrophic mesophile with a broad temperature tolerance range. The broad temperature 
range for growth is a trait all species of the genus Aridibacter have in common. However, the optimal growth temperature of strain A24_SHP_À5_238 T matched the one of Aridibacter kavangonensis Ac_23_E3 T (36-44 C) and clearly exceeded the optimal growth temperature of Aridibacter famidurans A22_HD_4H T . In the absence of oxygen and the presence of nitrate, strain A24_SHP_À5_238
T was capable of growth, which differentiates this organism from the recognized species of the genus Aridibacter and other subdivision 4 Acidobacteria [12] . In addition, strain A24_SHP_À5_238 T tolerated NaCl concentrations five times higher than those tolerated by the other species of the genus Aridibacter, but preferred growing at 0.25-0.5 % (w/v) similar to the other species of the genus Aridibacter. While the weakly positive growth of strain A24_SHP_À5_238
T on certain sugars and several amino acids differentiated the novel species of the genus Aridibacter from the previously described ones, the preferred growth on complex proteinaceous substrates and major exoenzyme activity profile are features that all three species of the genus Aridibacter have in common. Besides the relatively high amount of anteiso-C 15 : 0 in strain A24_SHP_À5_238 T , the fatty acid and polar lipids composition, and the DNA G+C content were similar for all three species of the genus Aridibacter. Based on our phylogenetic analysis, strain A24_SHP_À5_238
T belongs to the genus Aridibacter, and according to the results of DNA-DNA hybridization with Aridibacter famidurans A22_HD_4H
T and Aridibacter kavangonensis Ac_23_E3
T it represents a novel species.
Based on the phylogenetic, morphological and physiological characteristics of strain A24_SHP_À5_238 T , we propose the novel species Aridibacter nitratireducens.
EMENDED DESCRIPTION OF GENUS ARIDIBACTER HUBER ET AL. 2014
The description of the genus Aridibacter is as given by Huber et al. [7] with the following modification. Facultatively anaerobic to aerobic mesophiles.
DESCRIPTION OF ARIDIBACTER NITRATIREDUCENS SP. NOV.
Aridibacter nitratireducens (ni.tra.ti.re.du¢cens. N.L. neut. n. nitratum nitrate; L. v. reduco reduce, convert to a different condition; N.L. part. adj. nitratireducens reducing nitrate).
The description of Aridibacter nitratireducens coincides with the genus description and additionally displays the following characteristics. Cells are 0.4 µm wide and 1.5 µm long. On agar plates, orange to salmon-coloured, shiny, convex colonies, 0.1-2.0 mm in size with smooth, entire margins are formed. Cell aggregates frequently occur. Tolerates temperatures of C and pH values of pH 6.0-9.0. Optimum growth occurs at temperature values of 33-40 C and at pH values of pH 7.0-8.5. Under optimum conditions, doubling time is 6.3 h. NaCl concentrations of up to 5 % (w/v) are tolerated, and at a NaCl concentration of 0.25-0.50 % (w/v) best growth is achieved. In addition to the major fatty acids described for the genus, contains anteiso-C 15 : 0 . Grows on casamino acids, casein hydrolysate, peptone and yeast extract. Glucose, mannose, maltose, acetate, lactate, ascorbate, ornithine, proline, threonine, aspartate, glutamate and fermented rumen extract result in weakly positive growth. No growth is observed on arabinose, cellobiose, erythrose, erythrulose, fructose, fucose, galactose, lactose, lyxose, melicitose, raffinose, rhamnose, sorbose, sucrose, trehalose, xylose, glucosamine, N-acetylgalactosamine, N-acetylglucosamine, acetoin, adonitol, arabitol, dulcitol, lyxitol, mannitol, myo-inositol, sorbitol, xylitol, alanine, arginine, L-asparagine, cysteine, glutamine, glycine, histidine, hydroxy-proline, isoleucine, leucine, lysine, methionine, phenylalanine, serine, tryptophan, tyrosine, valine, adipate, benzoate, trimethoxybenzoate, butyrate, a-hydroxybutyrate, b-hydroxybutyrate, g-hydroxybutyrate, isobutyrate, caproate, caprylate, citrate, isocitrate, crotonate, formate, fumarate, gluconate, 2-oxogluconate, glucuronate, 2-oxoglutarate, glycolate, glyoxylate, heptanoic acid, isovalerate, laevulinate, malate, maleic acid, malonate, nicotinic acid, oxaloacetate, propionate, protocatechuate, pyruvate, shikimate, succinate, tartrate, 2-oxovalerate, butanol, 1,2-butandiol, 2,3-butandiol, ethanol, ethylene glycol, glycerol, methanol, propanol, 1,2-propandiol, laminarin or Tween 80. Enzyme activity is detected for alkaline and acid phosphatase, naphthol-AS-BI-phosphohydrolase, leucine arylaminidase, valine arylaminidase, trypsin, a-chymotrypsin, Nacetyl-b-glucosaminidase, esterase C4, esterase lipase C8 and cystine arylaminidase. No activities of lipase C14, agalactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase, a-fucosidase or urease are detected. Gelatin and aesculin are hydrolysed but arginine is not used. Nitrate is reduced to nitrite but not further to nitrogen (API 20 NE). No production of indole or fermentation of glucose are detected.
The type strain is A24_SHP_À5_238
T (= DSM 102177 T = CECT 9235 T ) and was isolated from a clayey sand soil in Eikwe, Ghana. The DNA G+C content of the type strain is 53.5 mol%.
EMENDED DESCRIPTION OF FAMILY BLASTOCATELLACEAE PASCUAL ET AL. 2016
The description of the family Blastocatellaceae is as given by Pascual et al. [4] with the following modification. The ability to reduce nitrate to nitrite is apparent.
